This article describes the role of a newly approved antipsychotic agent brexpiprazole in the treatment of schizophrenia and major depressive disorder. This drug has high affinity for 5-HT 1A , 5-HT 2A , D 2 and α 1B,2C receptors. It displays partial agonism at 5-HT 1A and D 2 receptors and potent antagonism at 5-HT 2A and α 1B,2C adrenergic receptors. It also has some affinity (antagonism) for D 3 , 5-HT 2B , 5-HT 7 and α 1A,1D receptors, and moderate affinity for H 1 and low affinity for M 1 receptors. These all lead to a favorable antipsychotic profile in terms of improvement of cognitive performance and sleep patterns, as well as effects on affective states and potential to treat core symptoms in schizophrenia and major depressive disorder, including cognitive deficits with a low risk of adverse effects (extrapyramidal symptoms, metabolic complications, weight gain, akathisia potential) that are commonly encountered with other typical and second-generation antipsychotic drugs. In our review, we have made an attempt to decipher the pharmacological profile of brexpiprazole from two major trials (VECTOR and BEACON). We have also tried to give a concise but detailed overview of brexpiprazole by head to head comparison of the pharmacological profile of brexpiprazole and its earlier congeners aripiprazole and prototype antipsychotic drug chlorpromazine by accessing individual summaries of product characteristics from the US Food and Drug Administration database, 2015. Relevant preclinical and clinical studies associated with this drug have been discussed with emphasis on efficacy and safety concerns. From the studies done so far, it can be concluded that brexpiprazole can be an effective monotherapy for schizophrenia and as an adjunct to other antidepressant medications in major depressive disorder.
Need for another antipsychotic drug
Schizophrenia exhibits typical positive (hallucination, delusion, thought disorders) and negative (social withdrawal, lack of energy, emotion and motivation) symptoms affecting daily activities and inadvertently requires drug therapy [Lieberman et al. 2001; Bobes et al. 2007 ]. Cognitive deficits is a typical feature leading to both vocational and social disabilities [Coyle and Tsai, 2004; Freedman, 2003; Green et al. 2004; Niitsu et al. 2012; Sumiyoshi et al. 2001a ].
The main targets in the treatment of schizophrenia are D 2 , 5-HT 2A and α 1 receptors [Bantick et al. 2001; Meltzer, 2012; Ogren et al. 2008] . Some compounds also exert their activities against 5-HT 1A/6/7 , α 2 , histamine and muscarinic receptors. The different receptor-binding profiles of current antipsychotics may contribute to variance in associated side effects as well [Correll, 2010] .
The broad receptor based target effects are aimed at either improving efficacy (e.g. potential effects on affective symptoms or cognitive deficits) or mitigating adverse effects related to the central nervous system (CNS), such as extrapyramidal symptoms (EPS), or to the endocrine system, such as hyperprolactinemia [Arnt and Skarsfeldt, 1998; Roth et al. 2004; Arnt et al. 2008] .
A key issue for D 2 partial agonism is to determine an optimal level of intrinsic activity at the D 2 receptors that would lead to a desirable stabilization of dopaminergic transmission. Too high D 2 intrinsic activity leads to a lack of robust clinical activity and to adverse effects related to increased D 2 receptor tonus, including nausea, vomiting, insomnia and motor effects, such as hyperkinesia and restlessness [Fleischhacker, 2005; Casey et al. 2008] , whereas excessive D 2 antagonist activity results in an increased risk of EPS and increased prolactin secretion [Casey, 1996] . In addition to the issue of optimal D 2 intrinsic activity, actions at other receptor sites also determine clinical efficacy and tolerability of antipsychotics.
So far, the only D 2 partial agonist aripiprazole, with moderate D 2 intrinsic activity, has reached the market with the approved indications of schizophrenia and bipolar mania and as an add-on treatment for major depression [Fleischhacker, 2005] . Another compound (ecariprazine) with D 2 intrinsic activity similar to aripiprazole is in development [Kiss et al. 2010; Citrome, 2013] , but others (e.g. bifeprunox) with higher D 2 intrinsic activity have seen their development discontinued [Newman-Tancredi et al. 2007 ] because of their insufficient clinical efficacy [De Santis et al. 2014] . At the clinically equivalent dose range leading to 80-90% D 2 receptor occupancy, aripiprazole modulates a limited number of additional target receptors, the primary effect being partial agonist activity at 5-HT 1A with lower potency than at D 2 [Mamo et al. 2007; Dahan et al. 2009 ]. In addition, with aripiprazole 5-HT 2A , antagonistic activity is significantly low at clinically relevant dosages [Mamo et al. 2007] .
A broader target profile (e.g. on selected 5-HT receptor and α adrenoceptor subtypes) may lead to improved clinical efficacy and tolerability in the treatment of schizophrenia, including efficacy in treating positive symptoms and cognitive deficits, the main factors determining functional outcome in schizophrenia [Green, 1996] . A recent metaanalysis study suggested that 5-HT 2A antagonism may reduce D 2 antagonist-induced akathisia [Laoutidis and Luckhaus, 2014] . Furthermore, a broad pharmacologic profile could offer wider potential in the treatment of a variety of other CNS disorders and symptoms, such as major depressive disorder (MDD) and anxiety disorders, and post-traumatic stress disorder [Roth et al. 2004; Arnt et al. 2008; Wong et al. 2008] . It is known that D2 antagonism related side effects are minimized when combined with antagonism of 5-HT 2A , a defining pharmacologic characteristic of second-generation antipsychotics [Stockmeier et al. 1993 ] that may be of therapeutic benefit in the treatment of schizophrenia and mood disorders [Blier and Szabo, 2005; Kuroki et al. 2008] .
Selecting an antipsychotic drug requires consideration of the balance between activating and sedating adverse effects, as well as attention to EPS and cardiovascular risks [Inada et al. 2003 ]. New treatments that are better tolerated are needed to optimize physical health as well as social functioning [Correll et al. 2015] . Thus, there is a need for better tolerated antipsychotics with broadbased symptom control (positive and negative, as well as cognitive and behavioral) that improve patient functioning by having minimal sedating or activating effects, negligible impacts upon endocrine functioning and inconsequential neuromotor, endocrine or cardiovascular adverse effects. Brexpiprazole might offer a good option when considering these aspects [Maeda et al. 2014a] .
Brexpiprazole: receptor activities and pharmacokinetics
Brexpiprazole (OPC-34712 or Lu-AF41156) is a novel molecular compound chemically and structurally similar to aripiprazole [Maeda et al. 2014a [Maeda et al. , 2014b ]. On 10 July 2015, the US Food and Drug Administration (FDA) approved this drug (R&D product of Tokyo-based Otsuka Pharmaceutical Company Ltd) to treat adults with schizophrenia and as an add-on treatment to an antidepressant medication to treat adults with MDD based on 1310 participants in two 6-week pivotal trials (VECTOR and BEACON) [US FDA News Release, 2015] .
The major human and rat receptor affinities (Ki) with functional activities of brexpiprazole are presented in Table 1 . These receptor properties are thought to be related to the drug's putative antipsychotic and antidepressant effects. Partial D 2 receptor agonism is thought to have a buffering action on dopamine neurotransmission by stimulating D 2 receptors under low dopamine conditions, while dampening their activation when dopamine levels are high [Burris et al. 2002] . 5-HT 1A improves certain types of memory function, as well as cognitive performance in patients with schizophrenia [Sumiyoshi et al. 2001a [Sumiyoshi et al. , 2001b . Also, antagonism of α adrenergic receptors is a pharmacologic feature that may have therapeutic implications for schizophrenia and depression [Fawcett and Barkin, 1998; Arnsten, 2004; Marcus et al. 2010] . As per a recent review, α 2A,2C are also targets for acute psychotic disorders [Brosda et al. 2014] . This drug has been tested in clinical trials evaluating the treatment of schizophrenia, agitation associated with Alzheimer's disease and as an adjunct treatment of post-traumatic stress disorder and MDD [Citrome, 2013] .
Compared with aripiprazole, brexpiprazole has lower intrinsic activity at the D 2 receptor, stronger antagonism at 5-HT 2A and stronger affinity for nor-epinephrine transporter [Maeda et al. 2014a ]. As a result, it has lower potential to induce D 2 partial agonist mediated adverse effects (akathisia, insomnia, restlessness, nausea) [Fleischhacker, 2005] . The potential to induce D 2 antagonist-like adverse effects (EPS, hyperprolactinemia and possibly tardive dyskinesia) is also considered to be lower than with silent D 2 receptor antagonists. Further, brexpiprazole's balanced 5-HT 2A /D 2 and 5-HT 1A /D 2 receptor binding profile may contribute to low incidences of both activating and neuromotor adverse effects clinically. Finally, brexpiprazole has a moderate affinity for histamine H 1 receptors, which may result in low sedation levels as well as weight gain [Maeda et al. 2014a [Maeda et al. , 2014b Kroeze et al. 2003 ].
Despite a different action on D 2 autoreceptors, brexpiprazole improves behavioral measures predictive of antipsychotic efficacy, like apomorphine-induced stereotypy and the conditioned avoidance response [Maeda et al. 2014a] . Also, in light of the N-methyl-D-aspartate (NMDA) hypofunction hypothesis of schizophrenia [Hashimoto, 2006 [Hashimoto, , 2014 Hashimoto et al. 2013] , brexpiprazole was shown to improve the NMDA receptor antagonist phencyclidine-induced cognitive deficits in the novel object recognition test in rodents [Maeda et al. 2014b; Hashimoto et al. 2005; Yoshimi et al. 2014] .
Brexpiprazole is metabolized primarily by the cytochrome P450 3A4 (CYP3A4) and 2D6 enzymes. Hence, there is a possibility of drugdrug interactions with drugs that inhibit or induce CYP3A4 (like aripiprazole, quetiapine, fluvoxamine, venlafaxine, citalopram, mirtazapine, etc.) and CYP2D6 (like aripiprazole, risperidone, haloperidol, clozapine, iloperidone, doxepin, etc.) activity. It has a long half life of more than 72 h. Brexpiprazole also does not have any active metabolites. Drug absorption, metabolism and excretion are not significantly affected by age, sex, renal impairment or liver impairment, and therefore, dose adjustments are not likely to be necessary based on these factors [Howland, 2015] 
Preclinical insights
In vivo studies in rats demonstrated that in the dorsal raphe nucleus, brexpiprazole completely inhibited the firing of 5-HT neurons via 5-HT 1A agonism and was more potent than aripiprazole. In the locus coeruleus, it reversed the inhibitory effect of the preferential 5-HT 2A receptor agonist DOI (2, 5-dimethoxy-4-iodoamphetamine) on norepinephrine neuronal firing demonstrating 5-HT 2A antagonistic action in rats. It also reversed the inhibitory effect of the dopamine agonist apomorphine on ventral tegmental area dopaminergic neurons demonstrating partial agonistic action on D 2 receptors. Brexpiprazole had no effect on extracellular levels of serotonin or noradrenaline in prefrontal cortex and ventral hippocampus in rats. High doses of brexpiprazole increased extracellular levels of histamine in the prefrontal cortex. This may be a consequence of its moderate affinity and antagonist activity on H 1 receptors, as shown in vitro [Maeda et al. 2014a ].
Compared with aripiprazole, which significantly inhibited the firing activity of ventral tegmental area dopaminergic neurons, brexpiprazole displayed lesser activity at D 2 receptors. In vivo, it acts neither as a pure antagonist nor as an agonist with high intrinsic activity on D 2 autoreceptors. The difference in effects on dopamine neurons of aripiprazole and brexpiprazole is likely due to a lower intrinsic activity of the latter agent at D 2 receptors, in line with their in vitro profiles [Maeda et al. 2014b ]. In the rat hippocampus, brexpiprazole acts as a full agonist at 5-HT 1A receptors on pyramidal neurons. Furthermore, it increased 5-HT release by terminal α 2 adrenergic heteroceptor but not 5-HT 1B autoreceptor antagonism.
The in vivo agonism of brexpiprazole on 5-HT 1A receptors is also more potent than aripiprazole without affecting terminal 5-HT 1B autoreceptor activity as shown in rats [Oosterhof et al. 2014] .
Brexpiprazole acts as a potent α 2 adrenergic heteroceptor antagonist like mianserin and mirtazapine [Mongeau et al. 1993; Haddjeri et al. 1996 ].
In the lateral geniculate nucleus, it displays α 1B adrenergic receptor antagonistic action. Other studies also suggest antagonistic properties of brexpiprazole predominantly at α 1B adrenergic receptors, consistent with its 20-fold higher affinity for this receptor subtype over α 1A and α 1D [Maeda et al. 2014b ]. In the rat hippocampus, there was no action on postsynaptic α 2 adrenergic receptors and the norepinephrine transporter. Acute brexpiprazole administration reduced inhibition of two important interaction nodes between the 5-HT and norepinephrine systems in rats. First, it blocked 5-HT 2A receptors and also it blocked α 2 adrenergic receptors on 5-HT terminals [Oosterhof et al. 2014 ].
Brexpiprazole has antipsychotic-like activity and robust efficacy in relevant models of cognitive impairment associated with schizophrenia. It also has inhibitory activity in a drug-induced hyperactivity model. The effects in the cognitive tests are superior to those of aripiprazole [Maeda et al. 2014b ]. The potency of brexpiprazole to induce antipsychotic-like activity is in the same range as that predicting in vivo D 2 receptor occupancy [Maeda et al. 2014b ]; cataleptogenic activity is only induced at high dosages likely due to D 2 partial agonism and its 5-HTergic activities [Kikuchi et al. 1995; Meltzer 1999] . Similar to aripiprazole, brexpiprazole has low potential to induce EPS at relevant clinical exposures, leading to 60-90% D 2 receptor occupancy [Yokoi et al. 2002] . Brexpiprazole showed partial agonist activity at D 2 and D 3 receptors, even in cloned cell assays with much lower intrinsic activity than aripiprazole. Moreover, the potent inhibition by brexpiprazole of the apomorphine-induced eye blinking in monkeys is consistent with a low intrinsic activity at D 2 receptors [Kleven and Koek, 1996] . A combined 5-HT 1A agonism and 5-HT 2A antagonism is a likely mechanism in attentional set-shifting tests with brexpiprazole [Maeda et al. 2014a ].
Subchronic oral administration of brexpiprazole significantly attenuated NMDA receptor antagonist, phencyclidine-induced cognitive deficits in mice in a dose-dependent manner and this was significantly antagonized by coadministration of selective 5-HT 1A receptor antagonist WAY-100,635. It was reported earlier that repeated dosing with PCP significantly reduced the density of 5-HT 1A receptors in mouse hippocampus, although the precise mechanisms underlying this action are currently unknown [Hagiwara et al. 2008 ]. These findings suggest that brexpiprazole can ameliorate PCP-induced cognitive deficits in mice via 5-HT 1A receptors. Therefore, brexpiprazole could ameliorate cognitive deficits as seen in schizophrenia and other neuropsychiatric diseases as well .
Some in vitro studies suggest that selective D 2 antagonists alone may not have any effects, but D 2 antagonism in conjunction with 5-HT 2A antagonism or 5-HT 1A partial agonism may increase extracellular dopamine and acetylcholine [Mørk et al. 2009; Meltzer, 1999 Meltzer, , 2012 . Another preclinical study showed that brexpiprazole significantly ameliorated dizocilpine-induced social recognition deficits, without sedation or a reduction of exploratory behavior and had no effect on social recognition or exploratory behaviors in untreated control mice. By contrast, neither risperidone nor olanzapine altered dizocilpineinduced social recognition deficits. Finally, the effect of brexpiprazole on dizocilpine-induced social recognition deficits was antagonized by WAY-100,635, a selective serotonin 5-HT 1A antagonist. These results suggest that brexpiprazole could improve dizocilpine-induced social recognition deficits again via 5-HT 1A receptor activation. It is possible that 5-HT 1B receptor may, in part, be involved in the mechanisms of action of brexpiprazole on social recognition deficits .
Another study has shown that brexpiprazole significantly potentiated nerve growth factor (NGF)induced neurite outgrowth in PC 12 cells, in a concentration-dependent manner mediated through 5-HT 1A and 5-HT 2A receptor antagonism, and subsequent Ca 2+ signaling via IP 3 receptors [Ishima et al. 2015] . Considering the function of the aforementioned signaling molecules in regulating protein synthesis dependent learning and memory [Costa-Mattioli et al. 2009 ], brexpiprazole-driven changes in these pathways may promote synthesis of new proteins associated with neurite outgrowth. It was previously reported that fluoxetine, but not paroxetine, significantly potentiated neurite outgrowth report ]. The IP 3 receptors promote NGF-induced neurite outgrowth in PC 12 cells Ishima et al. 2008 Minase et al. 2010; Ishima, 2010, 2011; Itoh et al. 2011] . Recently, it was also concluded that aripiprazole could potentiate NGF-induced neurite outgrowth in PC 12 cells, most likely through interaction with 5-HT 1A receptors [Ishima and Hashimoto, 2012a; . Heat shock protein (HSP) 90α is being differentially expressed between control PC 12 cells treated with NGF and those treated with NGF and aripiprazole ]. Brexpiprazole therapy also increased HSP 90α protein levels, which potentiated NGF-induced neurite outgrowth. Thus, it would appear that activation of 5-HT 1A receptors as well as blockage of 5-HT 2A receptors is an integral part of the mechanisms that drive brexpiprazole enhancement of NGF-induced neurite outgrowth. Interestingly, it was also found that brexpiprazole could potentiate the effects of fluoxetine (or paroxetine) on neurite outgrowth. Since brexpiprazole has been used as add-on therapy of the current antidepressant therapy, the potentiating effect of brexpiprazole on neurite outgrowth is of great interest [Ishima et al. 2015] .
Relevant clinical trials
The VECTOR trial In the VECTOR trial [ClinicalTrials.gov identifier: NCT01396421], the efficacy, safety and tolerability of brexpiprazole and placebo were compared in adults with acute schizophrenia [Correll et al. 2015] . This was a 6-week, multicenter (65 global centers), randomized, doubleblind, placebo-controlled study. Eligible patients were 18-65 years old, had a DSM IV TR diagnosis of schizophrenia confirmed by the Mini International Neuropsychiatric Interview for Schizophrenia and Psychotic Disorders Studies, experienced an acute exacerbation, and would benefit from hospitalization or continued hospitalization for treatment.
Patients were randomly assigned to daily brexpiprazole at a dosage of 0.25, 2 or 4 mg, or placebo (1:2:2:2) for 6 weeks. There was a 14-day screening phase, a 6-week double-blind treatment phase and a 30-day follow-up phase. Efficacy was assessed by using the Positive and Negative Syndrome Scale (PANSS) [Kay et al. 1999] , the Clinical Global Impressions Scale (CGI) severity of illness and improvement scales [Guy, 1976] , and the Personal and Social Performance scale [Gharabawi et al. 2007; Morosini et al. 2000 ]. The primary efficacy measure was change from baseline at week 6 in PANSS total score. Secondary efficacy measures were change from baseline at weeks 1-5 in PANSS total score; change from baseline at week 6 in the CGI severity rating (key secondary endpoint measure), Personal and Social Performance score, and PANSS positive and negative symptom subscale scores; CGI improvement rating at week 6; rate of response at week 6 (defined as change from baseline by 30% in PANSS total score or CGI improvement score of 1 or 2); discontinuation rate due to lack of efficacy; and change from baseline at week 6 in PANSS score on the excited component (comprising excitement, hostility, tension, uncooperativeness, and poor impulse control scores) [Montoya et al. 2011] and in scores on the five PANSS factors [Marder et al. 1997 ].
At week 6, compared with placebo, brexpiprazole at 2 and 4 mg produced statistically significantly greater reductions in PANSS total score and CGI severity score (p = 0.0001)and its effects on the key secondary efficacy endpoint measure was also statistically significant compared with placebo (p = 0.0006). Statistically significant improvement was seen in these two brexpiprazole groups within 1-2 weeks of initiating treatment and was maintained throughout the treatment period. Brexpiprazole at dosages of 2 and 4 mg demonstrated efficacy in treating both positive and negative symptoms of schizophrenia, and they reduced agitation as measured by the PANSS excited component. Rates of response (30% improvement in PANSS total score or CGI improvement rating of 1 or 2) were higher with the 2 and 4 mg brexpiprazole dosages than with placebo (p = 0.0004 and p = 0.004, respectively). The 0.25 mg dosage however did not have any clinically relevant effects on any of the efficacy measures. The 2 and 4 mg dosages demonstrated efficacy in four of five PANSS dimensions [Marder et al. 1997 ], positive symptoms, negative symptoms, disorganized thought and uncontrolled hostility/excitement.
The limitations of the studies were lack of an active comparator, short study duration and inclusion of patients with schizophrenia without other psychiatric comorbidities. These data show that brexpiprazole can also be used as adjunctive treatment in patients with MDD and inadequate responding to antidepressants. Phase II and III studies have actually indicated that adjunctive brexpiprazole is effective and well tolerated in this population [Thase et al. 2014 [Thase et al. , 2015a [Thase et al. , 2015b .
The BEACON trial
The objective of the BEACON trial [ClinicalTrials. gov identifier: NCT01393613] was to evaluate the efficacy, safety and tolerability of brexpiprazole versus placebo in adults with acute schizophrenia [Kane et al. 2015] . This was a 6-week, multicenter (64 global centers), randomized, double-blind, placebo-controlled double-blind phase III study. Eligible subjects were 18-65 years of age with a current diagnosis of schizophrenia (defined by DSM IV TR and confirmed by Mini International Neuropsychiatric Interview for Schizophrenia and Psychotic Disorders Studies) who were experiencing an acute exacerbation of psychotic symptoms and marked deterioration of usual function, as demonstrated by meeting all of the following criteria at screening and baseline visits: Total Brief Psychiatric Rating Scale (BPRS) score of at least 40; score of at least 4 on two or more BPRS items (hallucinatory behavior, unusual thought content, conceptual disorganization or suspiciousness); and CGI-S score of at least 4.
Patients with acute schizophrenia were randomized to brexpiprazole 1, 2 or 4 mg, or placebo (2:3:3:3) once daily. There was a pretreatment screening phase of up to 14 days, a 6-week double-blind treatment period and a 30-day followup phase. The primary endpoint was changed from baseline at week 6 in PANSS total score [Kay et al. 1999 ] and the key secondary endpoint was CGI severity score [Guy, 1976] at week 6. Additional secondary outcomes were changes from baseline at week 6 in Personal and Social Performance scale [Morosini et al. 2000; Gharabawi et al. 2007] , PANSS positive and negative subscales [Kay et al. 1999] , PANSS excited component [Montoya et al. 2011] and Marder Factor [Lindenmayer et al. 1995; Von Knorring and Lindstrom, 1995; Marder et al. 1997; Nakaya et al. 1999; Van der Gaag et al. 2006 ] scores, CGI Improvement score at week 6, response rate and discontinuation rate for lack of efficacy. Response was defined as mean reduction from baseline in PANSS total score of at least 30%, or CGI Improvement score of 1 (very much improved) or 2 (much improved) at week 6.
Brexpiprazole 4 mg showed statistically significant improvement versus placebo for primary (p = 0.0022), secondary (p = 0.0015) endpoints and on multiple secondary efficacy outcomes. Brexpiprazole 1 and 2 mg also showed numerical improvements versus placebo, although not statistically significant. There were also improvements over placebo in Personal and Social Performance scale, PANSS positive subscale, PANSS negative subscale, CGI Improvement response rate, PANSS excited component and PANSS Marder Factor scores. The results obtained confirmed that of the three doses tested, brexpiprazole 4 mg was the optimal effective dose in this study. The placebo response in this study was slightly higher for the primary endpoint compared with the placebo response obtained in the VECTOR trial; the high placebo response might have obscured true brexpiprazole versus placebo treatment differences within this study.
The limitations of the study were the lack of an active comparator and relatively short duration. In conclusion, brexpiprazole 4 mg is an efficacious and well tolerated agent treatment for acute schizophrenia in adults.
Other trials
The FDA also accepted a concurrent new drug application (NDA) submission to review a proposed indication for adjunctive treatment of MDD (using brexpiprazole together with an antidepressant drug). The NDA for MDD was supported by efficacy and safety data from two phase II studies [ClinicalTrials.gov identifier: NCT00797966, NCT01052077] and two other pivotal phase III studies [ClinicalTrials.gov identifier:
NCT01360645, NCT01360632] [Howland, 2015] . The design of the two phase III studies was similar, but each study investigated different brexpiprazole doses [Thase et al. 2014 [Thase et al. , 2015a [Thase et al. , 2015b . The PYXIS trial [ClinicalTrials. gov identifier: NCT01360645] was the first pivotal study demonstrating superior efficacy of brexpiprazole 2 mg per day over placebo in 379 individuals with MDD [Thase et al. 2014 [Thase et al. , 2015a [Thase et al. , 2015b . The POLARIS trial [ClinicalTrials.gov identifier: NCT01360632] was the second pivotal study, which demonstrated that brexpiprazole 1 and 3 mg per day were significantly more effective than placebo in 677 individuals with MDD [Thase et al. 2014 [Thase et al. , 2015a [Thase et al. , 2015b ].
On the ClinicalTrials.gov website, 41 ongoing or completed clinical studies (phase I, II or III) are listed for brexpiprazole or OPC-34712. In addition to the studies described above as part of the NDA submissions, 27 other studies are listed for schizophrenia or MDD. Additional clinical trials include a completed phase II study in attentiondeficit/hyperactivity disorder [ClinicalTrials.gov identifier: NCT01074294], an ongoing phase III study in post-traumatic stress disorder [ClinicalTrials.gov identifier: NCT01987960] and three ongoing phase III studies for agitation associated with dementia of the Alzheimer's type [ClinicalTrials.gov identifier: NCT01862640, NCT01922258, NCT02192554]. The results from completed trials have not been published or posted on ClinicalTrials.gov. The breadth of studies investigating the use of brexpiprazole is impressive, a reflection of the novel pharmacological properties of this drug [Howland, 2015] .
Safety concerns
The VECTOR trial Safety and tolerability variables were adverse events, bodyweight, laboratory measurements, vital signs, electrocardiogram, Barnes Akathisia Rating Scale [Barnes, 1989] , Simpson Angus Scale [Simpson and Angus, 1970] , Abnormal Involuntary Movement Scale, and Columbia-Suicide Severity Rating Scale [Posner et al. 2011; Chappell et al. 2012] . The overall incidence of treatment-emergent adverse events was lower in the three brexpiprazole groups than placebo. The same was true for discontinuation due to adverse events. Akathisia was more frequently reported in the 2 and 4 mg brexpiprazole groups and mostly during the first 3 weeks of treatment. The incidences of other activating (restlessness, insomnia, anxiety) and sedating (somnolence, fatigue, sedation) treatment-emergent adverse events in patients receiving brexpiprazole were similar to or lower than the rates in patients receiving placebo. The most frequently reported serious adverse events in all treatment groups were psychiatric disorders (schizophrenia, psychotic disorder). There were no deaths during the study. Increased body weight was reported as a treatment-emergent adverse event in patients who received 2 and 4 mg of brexpiprazole. Slight increases occurred in total cholesterol and high-density lipoprotein cholesterol from baseline to the last visit for 2 and 4 mg of brexpiprazole compared with slight decreases in the placebo group, but these changes were neither clinically relevant nor statistically significant. There were slight increases in lowdensity lipoprotein cholesterol and triglycerides in the 4 mg brexpiprazole group, but these differences were also not clinically relevant. All four groups had minimal increases in glucose. Shifts to abnormal fasting lipid or glucose values were similar in the brexpiprazole and placebo groups. Metabolic related treatment-emergent adverse events were reported by three brexpiprazole patients: diabetes mellitus (0.25 mg), hypertriglyceridemia (4 mg) and increased glycosylated hemoglobin level. Mean prolactin concentrations increased from baseline to the last visit in both female and male patients in the 4 mg brexpiprazole group, while reductions were seen in the 2 mg brexpiprazole and placebo group. Hyperprolactinemia was reported as a treatmentemergent adverse event for one patient in the 2 mg brexpiprazole group. The mean changes in QT interval from baseline to the last visit, as corrected by Bazett's formula, was also not significant compared with placebo. The occurrence of suicidal ideation or behavior, as recorded on the Columbia-Suicide Severity Rating Scale, was low. Notably, more patients randomly assigned to placebo than brexpiprazole discontinued the study because of lack of efficacy or adverse events.
The BEACON trial
Safety variables examined during this clinical trial included adverse events, physical examinations, vital signs, body weight, laboratory measurements including hematology, serum chemistry (including prolactin), urinalysis and pregnancy tests, vital signs, electrocardiograms and EPS evaluation using the Simpson Angus Scale [Simpson and Angus, 1970] , Abnormal Involuntary Movement Scale [Guy, 1976] and the Barnes Akathisia Rating Scale [Barnes, 1989] . The Columbia-Suicide Severity Rating Scale [Posner et al. 2011; Chappell et al. 2012 ] was used to assess and classify reported suicidal behavior. In this trial, 58.6% patients reported at least one treatment-emergent adverse event. No events met the criteria for common adverse events (defined as ⩾5% in brexpiprazole treatment groups and at least two times the placebo rate). Fewer patients in the brexpiprazole treatment groups discontinued treatment due to psychiatric treatment-emergent adverse events than placebo patients. In all treatment groups, the most frequently reported serious treatment-emergent adverse events and discontinuations due to treatment-emergent adverse events were indicative of the underlying condition of schizophrenia.
The most common treatment-emergent adverse events were headache, insomnia and agitation; incidences of akathisia were lower in the brexpiprazole treatment groups versus placebo. Brexpiprazole treatment was associated with moderate weight gain at week 6 and there were no clinically relevant changes in laboratory parameters and vital signs. Changes in laboratory measurements, vital signs or electrocardiograms did not show any consistent differences between the brexpiprazole and placebo treatment groups. Small mean decreases in prolactin levels were seen in all treatment groups with the exception of women treated with brexpiprazole 2 mg. Incidences of potentially clinically relevant prolactin values were highest in the brexpiprazole 4 mg group. Potentially clinically relevant changes in creatine phosphokinase levels were similar across all brexpiprazole groups and higher than the placebo group. As for blood glucose levels, there was a very small mean decrease in brexpiprazole 1 and 2 mg groups and a very small mean increase was observed in the brexpiprazole 4 mg group. Incidences of potentially clinically relevant triglyceride values were slightly greater in the brexpiprazole 4 mg group. No clinically meaningful changes in electrocardiograms were reported, and the number of patients with new-onset QTc elevation was low across all treatment groups.
Other safety reports and issues
Other reported side effects include headache, dizziness, insomnia, somnolence, nausea, anxiety, fatigue and mild weight gain. Weight gain is comparable to that seen with aripiprazole, which is not surprising given their pharmacological similarity, but is less than that observed for other atypical antipsychotic drugs. A meta-analysis of secondgeneration antipsychotics has suggested that there are differences between agents in their ability to induce EPS [Rummel-Kluge et al. 2012 ], although only aripiprazole was reported to have a relatively low risk [Leucht et al. 2013] . A moderate increase in body weight with brexpiprazole was noted, but there was no evidence of statistically significant or clinically relevant adverse effects on metabolic measures and prolactin when compared with those for placebo. This finding is important given that metabolic side effects are a serious concern with some second-generation antipsychotics, namely clozapine, olanzapine, quetiapine [De Hert et al. 2012; Rummel-Kluge et al. 2012; Correll et al. 2014] or lurasidone [Leucht et al. 2013] . Interestingly, brexpiprazole resulted in numerically fewer QTc changes than placebo when the QTc interval is corrected by using Bazett's formula. Overall, the tolerability profile of brexpiprazole appears to be consistent with its pharmacological profile, whereby it shows a balanced 5-HT 2A and 5-HT 1A receptor binding affinity relative to D 2 , with less intrinsic activity at the D 2 receptor than aripiprazole and moderately low affinity for receptors that have been associated with sedation and weight gain [Maeda et al. 2014b ]. Elevations of serum creatine phosphokinase have been observed with other atypical antipsychotics, such as the D 2 antagonists clozapine and olanzapine and the partial D 2 agonist aripiprazole [Melkersson, 2006; Potkin et al. 2013; Laoutidis and Kioulos, 2014] . Brexpiprazole may be associated with dose-dependent orthostatic hypotension (possibly related to α1 adrenergic receptor antagonism). The drug has no significant effects on histamine receptors (associated with sedation and weight gain) or cholinergic receptors (associated with impaired cognitive function) (Table 2) [Howland, 2015] .
A placebo-controlled phase I study in older adults (aged 70-85) with MDD was completed [ClinicalTrials.gov identifier: NCT01670279], but a phase III study [ClinicalTrials.gov identifier: NCT01837797] in a similar population was terminated apparently because of poor recruitment rather than for safety reasons [Howland, 2015] . Although brexpiprazole has been investigated for a variety of potential therapeutic uses in psychiatry, one notable exception is the lack of studies proposed or conducted for the treatment of bipolar depression or mania. How brexpiprazole compares with other antipsychotic drugs will be important to evaluate in head to head studies. A randomized study comparing brexpiprazole and aripiprazole in schizophrenia has been recently completed [ClinicalTrials.gov identifier: NCT02054702]. In addition, placebo-controlled studies comparing brexpiprazole and quetiapine have been completed (in schizophrenia) [ClinicalTrials.gov identifier: NCT01810380] and are also ongoing (as adjunctive treatments for MDD) [ClinicalTrials.gov identifier: NCT01727726] [Howland, 2015] .
However, brexpiprazole has not been studied in children or adolescents. The FDA has issued a boxed warning indicating increased risk of death associated with the off-label use of these drugs (brexpiprazole) to treat behavioral problems in older people with dementia-related psychosis, increased risk of suicidal thinking and behavior in children, adolescents and young adults taking antidepressants [US FDA News Release, 2015] .
A comparison
This article is not an exhaustive review of the literature on brexpiprazole or the impact of brexpiprazole on patient outcomes, but rather considers selected publications to direct readers to emerging evidence and provide some context for the later discussion about brexpiprazole in the arena of antipsychotic therapy. Further, well explored systematic reviews on brexpiprazole have been published by other groups which the readers may want to consider for their insight on brexpiprazole. Goff has given an interesting precise account on brexpiprazole mainly by comparing the results of various trial-related data [Goff, 2015] . However, Citrome has given an elaborate explanation of brexpiprazole by extracting data from around 17 pivotal registration trials on brexpiprazole, including poster abstracts and product labeling [Citrome, 2015] ]. It is very exploratory but exhaustive. In our review, we have made an attempt to decipher the pharmacological profile of brexpiprazole from two major trials (VECTOR and BEACON). We have also tried to give a concise but detailed overview of brexpiprazole by head to head comparison of the pharmacological profile of brexpiprazole with its earlier congeners aripiprazole and prototype antipsychotic drug chlorpromazine by accessing individual summaries of product characteristics from the FDA database and authentic literature presented in the references (Table 3) . We hope our approach will definitely enrich readers' insight on the antipsychotic properties of brexpiprazole.
Conclusion
The above discussion gives an insight into the in vivo action of brexpiprazole on monoamine targets relevant in the treatment of depression and schizophrenia [Oosterhof et al. 2014] . As the therapeutic effect of potent 5-HT 2A receptor antagonism in combination with 5-HT reuptake inhibitors is well recognized [Nelson and Papakostas, 2009] , the present data support the use of brexpiprazole as an augmentation strategy. Its target optimization included D 2 partial agonism with low intrinsic activity, 5-HT 1A partial agonism and antagonism at 5-HT 2A , α 1B,2C adrenergic receptors [Maeda et al. 2014a] , supporting a favorable antipsychotic profile with low EPS risk and potential to treat core symptoms in schizophrenia, including cognitive deficits [Arnt and Skarsfeldt, 1998; Drouin et al. 2002; Marcus et al. 2010; Newman-Tancredi and Kleven, 2011; Sallinen et al. 2013 ].
The fact that the antagonist activity at 5-HT 2A and activity at D 2 receptors occurred at similar doses of brexpiprazole, whereas aripiprazole had a lower 5-HT 2A receptor occupancy at any given D2 receptor occupancy, may lead to clinical advantages, as 5-HT 2A antagonism is thought to contribute to antipsychotic activity, reduced akathisia potential, improvement of cognitive performance and sleep patterns, as well as effects on affective states [Monti, 2010; Snigdha et al. 2010; Ebdrup et al. 2011; Laoutidis and Luckhaus, 2014] . The effects of brexpiprazole on HT 1A and D 3 receptors are important for their pharmacological profiles. Partial agonism at HT 1A and D 3 receptors is involved in the antipsychotic and procognitive profiles as well as effects on affective states [Newman-Tancredi and Kleven, 2011; Gross and Drescher, 2012] .
Thus, from all the preclinical and clinical studies conducted so far, it can be aptly concluded that 
Points of comparison Brexiprazole Aripiprazole Chlorpromazine
Cost Matter of concern Generic Generic Commonly observed adverse reaction profiles (incidence ⩾ 5%)
Weight increased and akathisia Based on few clinical trial data As time progresses, list of reported ADRs expected to increase Akathisia, EPS, somnolence, sedation, restlessness, tremor, insomnia, fatigue, nausea, blurred vision, salivary hyper secretion, vomiting, pyrexia, drooling, decreased appetite, lethargy and constipation As time progresses, list of reported ADRs expected to increase Growing number of case reports of metabolic complications is the area of concern Infrequent hence unpredictable: EPS, akathisia, dystonia, muscle stiffness, neuroleptic malignant syndrome, Parkinsonism, tardive dyskinesia Common: anticholinergic effects, sedation, weight gain, erectile dysfunction, oligomenorrhea or amenorrhea Less common: cerebral edema, orthostatic hypotension (after intramuscular injection), tachycardia, agitation, anxiety, depression, dizziness, euphoria, headache, insomnia, poikilothermia, restlessness, weakness, anorexia, constipation, dyspepsia, ileus, lens opacities (prolonged use) Double the usual dose and further adjust based on clinical response ADR, adverse drug reaction; CNS, central nervous system; CYP, cytochrome P450; D, dopamine; ECG, electrocardiogram; EPS, extrapyramidal symptoms; FDA, US Food and Drug Administration; HT, hydroxytryptamine; SSRI, selective serotonin reuptake inhibitor; Tmax, time to reach maximum concentration in blood; t1/2, half life. brexpiprazole can be used as monotherapy in schizophrenia and as an adjunct to antidepressant medication in MDD.
